Patterns of antegrade and retrograde conduction and refractory periods were studied using His bundle electrogram recordings, incremental atrial and ventricular pacing and the extrastimulus technique. In 36/50 patients antegrade conduction was "better" than retrograde conduction (group I), as evidenced by a) onset of retrograde atrioventricular (A-V) 
THE FUNCTIONAL BEHAVIOR of the cardiac conduction system during conduction in the antegrade direction has been extensively studied.' 8 In contrast, few systematic studies are available dealing with patterns of retrograde conduction in a significant number of human subjects,9"' other than patients with Wolff-Parkinson-White (WPW) syndrome. '2 13 This report deals with findings in 50 patients in whom antegrade and retrograde conduction and refractory period measurements were made at comparable cycle lengths.
Materials and Methods
Right heart catheterization was performed in the nonsedated postabsorptive state using local anesthesia. Fifty patients were studied for basic electrophysiological characteristics; in 40 of these patients, antegrade and retrograde refractory periods were determined. The experimental nature of the procedure was explained to all patients and signed consents were obtained. Electrode catheters were percutaneously introduced and fluoroscopically positioned in the region of 1) the lateral wall of the right atrium near its junction with the superior vena cava, to record from and stimulate the region of the high right atrium; 2) the tricuspid valve, to record bundle of His and low atrial activity;'4 3) the right ventricular apex or outflow tract, for ventricular pacing. Standard ECG leads and intracardiac electrograms (filter frequency settings 40-500 Hz) and timelines generated at 10, 100 and 1000 msec were displayed on a multichannel oscilloscope and recorded on magnetic tape. The records were subsequently replayed and recorded on photographic paper at a speed of 150 mm/sec.
Atrial and ventricular pacing were accomplished using a programmed digital stimulator capable of delivering rectangular impulses of 1.5 msec duration at an adjustable milliamperage. Minimum milliamperage which allowed reliable capture for atrial (less than 2 ma) and ventricular pacing (less than 1 ma) was used. Starting at a rate slightly faster than sinus rhythm, the rate of stimulation was Circulation, Volume 52, November 1975 gradually increased (by 10 beats/min) up to a maximum of 200 beats/min for atrial and 160 beats/min for ventricular pacing. Antegrade and retrograde refractory period studies were performed using the extrastimulus method (A2 or V2), at comparable basic cycle length (A1A1 or V1V1). 15 The coupling interval (A1A2 or V1V2) was progressively decreased (by [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] msec) up to the point of atrial or ventricular refractoriness. Stimuli were delivered through an isolation unit and care was taken to insure proper grounding of all equipment. No instance of untoward effects occurred.
Definition of Terms' 16 Antegrade Conduction Times
A-H interval was measured, as is routinely done, from the onset of low atrial electrogram to the onset of His bundle deflection and was taken as an approximation of A-V nodal conduction (normal values for our laboratory:60-140 msec). A-H interval was also measured from the end of low atrial electrogram to the beginning of the His bundle potential. This was done mainly to compare the A-H values with the retrograde counterpart (H-A interval).
A-V interval was measured from the end of low atrial electrogram to the beginning of ventricular activity (on ECG or HBE). This parameter of antegrade conduction was measured in order to compare antegrade conduction time with retrograde conduction time (SA or VA interval, see below).
H-V interval represents HPS conduction time and was measured from the beginning of the His bundle electrogram to the earliest onset All electrophysiologic values are in milliseconds. Abbreviations: CL = cycle length; NHD = no heart disease; ASHD = arteriosclerotic heart disease; HDUE = heart disease, unknown etiology; RBBB = right bundle branch block; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; APCs = atrial premature contractions; Hyp = hypertension; COPD = chronic obstructive pulmonary disease; SB = sinus bradyeardia; ST-T = ST and T wave abnormalities; inf = inferior; MI = myocardial infarction; ant = anterior. retrograde conduction patterns during continuous atrial or ventricular pacing at comparable heart rates. Group I (36) showed evidence of "better" A-V than V-A conduction. In group II patients (8) A-V and V-A conduction appeared to be equal, whereas in group III (6), V-A conduction appeared to be "better" than A-V conduction. (2, 20 and 23) in whom very insignificant increases in V-A interval, i.e., < 5 msec, preceded the blocked beat. In only five patients (2, 12, 19, 20 , and 23) was a retrograde His bundle potential recognizable during ventricular pacing, and thus establishing the location of the retrograde Wenckebach period in the A-V node ( fig. 1 ).
For the following reasons, it can be reasonably inferred that in the remaining 20 patients the A-V node was also the site of retrograde Wenckebach period:
1) The well-known relationship between decreases in basic CL and increases in refractoriness and conduction within the A-V node.2'3 2) Data from animal experiments and from a limited number of patients in this study indicate that during continuous ventricular pacing the interval from the site of stimulation of the His During retrograde refractory period studies, the A-V node had the longest ERP in ten patients (#1, 5, 6, [8] [9] [10] [11] [12] [13] [14] , the HPS in five (#2, 3, 15, 16, and 18) and the ventricular muscle in six (#4, 17, 19-21 and 23) . In two patients (#7 and 22) it could not be determined whether maximum refractoriness existed in the A-V node or HPS.
In five patients (#1, 5, 6, 8, and 9) the A-V node and in one patient (#15) the HPS was the most refractory part of the cardiac conduction system during both antegrade and retrograde refractory period studies. In an additional four patients (17, (19) (20) (21) ) the atrial and ventricular muscle were most refractory during antegrade and retrograde refractory period studies, respectively. In the remaining patients the areas of maximum refractoriness during antegrade and retrograde refractory period studies were different.
During retrograde refractory period studies the exact site at which V2 blocked below the bundle of His could not be determined ( fig. 3 ). Potential sites of block include the muscle-Purkinje junction or the Purkinje-bundle branch-His system.19 For practical purposes block of V2 below the bundle of His will hereafter be referred to as block within the HPS. In ten patients retrograde block of V2 initially occurred prior to the emergence of a retrograde His bundle potential (H2) from the V2 electrogram thereby making precise localization of the site of block (i.e., HPS or A-V node) uncertain. However, at shorter V1V2 intervals, retrograde block of V2 persisted as H2 emerged from the V2 electrogram, indicating that the initial site of block was most probably within the A-V node.
It is theoretically possible that initial site of retrograde block in these patients was the HPS and emergence of H2 from V2 at closer V1V2 intervals represented a form of retrograde gap phenomenon.16 This is an unlikely possibility, however, for the following reasons: 1) A significant degree of conduction delay is usually encountered in the HPS prior to the onset of complete block. 2) In five patients who had a recognizable retrograde His bundle potential during ventricular pacing, no retrograde conduction delay below the bundle of His (S2H2 interval) was observed at longer V1V2 intervals (i.e., 500 msec or more) and the site of conduction delay at these longer coupling intervals was always the A-V node. 0, from any A1A2). The average value of the former was 515 msec and that of the latter 432 msec (P < 0.001). The FRP data for both antegrade and retrograde refractory period studies were further analyzed to determine whether the A-V node or the HPS was the major determinant of the FRP of the entire AVCS and VACS. This was accomplished by determining the FRP of both the A-V node and HPS, which for antegrade refractory period studies was most often a relatively simple and direct determination. However, for retrograde studies, data pertaining to the FRP of the A-V node and HPS had, most often, to be indirectly determined. The following guidelines were used in the analysis of the FRP of the VACS: 1) For those patients in whom V2 initially blocked retrogradely in the A-V node it was assumed that the A-V node was the major determinant of the FRP of the VACS (fig. 5) .
2) If, after emergence of H2 from V2 electrogram, increasing H2A2 delays could be demonstrated during decreasing V1V2 and H1H2 or V1H2 intervals, it was concluded that the A-V node determined the FRP of the VACS.
3) When after emergence of the H2 from the V2 electrogram, the H2A2 interval remained constant at Circulation, Volume 52, November 1975 Figure 3 Retrograde ERP of the HPS (pt. 2). At a basic ventricular cycle length of 700 msec the S1S2 interval is progressively decreased from panel A-D. Retrograde His bundle depolarization is identifiable during the basic V drive beats (H1) and the S,H, and S,A, intervals measure 105 and 150 msec respectively. During premature stimulation
H2 first merges into the V electrogram (panel A)
and then emerges from the V electrogram (panels B and C). Note the progressive increase in S2H2 interval in panels B and C, whereas the HA2 interval stays constant at 45 msec. At an S1S2 interval of 300 msec (panel D) V2 is not followed by an H2 response and the V2 impulse blocks below the recording site of the bundle of His and a sinus escape beat follows. decreasing V1V2 and V1H2 or H1H2 intervals, it was obvious that the FRP of the VACS was primarily determined by the FRP of the HPS (fig. 6 ).
Using these guidelines the FRP of the VACS (shortest A1A2) was primarily determined by the A-V node in 13 patients and the HPS in eight patients. In two patients (7 and 22) studies the longest ERP was observed to be within the A-V node in one patient (28) and within the HPS in four (#29-32). In the remaining two patients the ERP of the atrial and ventricular muscles exceeded that of either the A-V node or the HPS.
FRP. For group II patients, the FRP of the AVCS averaged 423.5 msec and that of the VACS averaged 394.2 msec but the difference was not statistically significant. Antegradely the A-V node determined the FRP of the AVCS in two patients (#28, 29) and the HPS in the remaining five patients. The HPS determined the FRP of the VACS in six patients and the A-V node in one (#28). evidenced by one of the following: 1) in two patients (#35 and 36) the paced CL at which retrograde WP occurred was shorter than that at which the antegrade Wenckebach period occurred, or 2) in four patients (#37-40) a 1:1 V-A response occurred up to ventricular CL of 375 msec, whereas in these patients antegrade Wenckebach period occurred at 550, 375, 430, and 460 msec, respectively. Figure 8 is representative of these findings. In group III patients also, the average value for the V-A interval exceeded A-V interval when the latter was measured from the end of low atrial electrogram. However, the V-A interval averaged less than A-V interval when the latter was measured from the onset of low atrial electrogram (table 2) .
Refractory Period Studies (table 1) ERP. In five of six patients, the A-V node was found to have the longest ERP during antegrade refractory period studies. During retrograde refractory period studies the HPS was found to have the longest ERP in three patients (#38-40) and the A-V node in one (#36). In the remaining patients the ERP of either the atrial or ventricular muscles exceeded that of the A-V node and the HPS.
FRP. The average value for the FRP of the AVCS was 523.3 msec and for the VACS it was 413 msec (P < 0.025). The A-V node determined the FRP of the AVCS in all patients but one (#38) and the HPS determined the FRP of the VACS in all except patient 36, who had markedly prolonged refractoriness of the A-V node during both retrograde and antegrade refractory period studies. The results of the present study indicate that at comparable cycle lengths, conduction in the antegrade direction is "better" than retrograde conduction in most, though not all patients. It should be emphasized that the above distinctions were made primarily from differences in pacing rates at which A-V and V-A block occurred and also by the demonstration of no V-A conduction in the presence of intact A-V conduction.
ERP of Atrial and Ventricular Muscle
It is apparent that precise comparisons, in every patient, of antegrade and retrograde conduction times in different parts of the conduction system (i.e., A-V node or HPS) are severely limited by the techniques available in this type of clinical investigation. One such limritation is evidenced by the relative infrequency with which retrograde His bundle potentials could be recognized during incremental ventricular pacing, thereby limiting the number of observations in which H-A intervals could be compared with A-H intervals at similar cycle lengths. Other limitations pertain to our lack of knowledge concerning the exact point in time at which an atrial impulse penetrates the A-V node and during retrograde conduction a ventricular impulse enters the HPS. Thus, for comparisons of antegrade and retrograde A-V nodal conduction times, it is not certain which portion of the low atrial electrogram (onset, first rapid deflection, or the end of As will be discussed below, the importance of determining, as accurately as possible, conduction time within the A-V node has direct bearing on whether a given A-H or H-A interval is compatible with or can be ascribed to conduction via a bypass tract. The same technical limitations pertain to comparisons of H-V and V-H interval measurements. Accuracy of an H-V interval measurement during antegrade conduction is primarily dependent upon detection of the earliest point of ventricular muscle activation (i.e., the ventricular stimulus site. Error of measurement is minimized by recording several ECG leads simultaneously. During ventricular pacing studies, the earliest onset of ventricular activation can be taken from the stimulus artifact, if the catheter is well positioned against ventricular endocardium and there is no evident latency. However, the unknown quantities in V-H interval measurements are the proximity of the electrodes to endocardial Purkinje tissue and the time delay between excitation and entrance into the conduction system. These unknown quantities may be factors in explaining why V-H intervals generally exceeded H-V intervals at comparable cycle lengths in the seven patients in whom these values could be compared.
In a recent study by Narula1' it was reported that V-A conduction was faster than A-V conduction in a majority of patients (64/124) with intact A-V and V-A conduction. These conclusions were based upon comparisons of A-V and V-A conduction times as measured between a point in the high right atrium and one in the right ventricular apex, a measurement which includes intra-atrial conduction time. The results of this study clearly indicate that, in individual patients, it is not possible to predict the pattern of retrograde conduction time from that of antegrade conduction. Similarly, it is not always possible to predict the response of either the A-V or VACS to premature stimulation from observations made during incremental pacing. This is due to the fact that the A-V node and the HPS respond differently to changes in heart rates, i.e., shortening of the basic cycle length decreases refractoriness of the HPS and generally increases it in the A-V node. Most often, the A-V node is the site of delay or block during incremental atrial or ventricular pacing whereas during premature stimulation maximum refractoriness may be encountered initially within the A-V node, HPS, atrial, or ventricular muscle. In only 11 of 36 patients was the initial site of antegrade and retrograde block found to be the same during premature stimulation. During retrograde RP studies the HPS was found to be the area of maximum refractoriness twice as frequently (12 patients) as during antegrade conduction (6 patients 
